Contractures in Burn Injury: Defining the Problem
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This study prospectively examined the incidence and severity of large joint contractures after
burn injury and determined predictors of contracture development. Data were collected pro-
spectively from 1993 to 2002 for consecutive adult burn survivors admitted to a regional burn
center. Demographic and medical data were collected on each subject. The primary outcome
measures included the presence of contractures, number of contractures per patient, and severity
of contractures at each of four joints (shoulder, elbow, hip, knee) at time of hospital discharge.
Logistic regression analysis was performed to determine predictors of the presence and severity
of contractures and a negative binomial regression was performed to determine predictors of
the number of contractures. Of the 985 study patients, 381 (38.7%) developed at least one con-
tracture at hospital discharge. Among those with at least one contracture, the mean is three con-
tractures per person. The shoulder was the most frequently contracted joint (38%), followed
by the elbow (34%) and knee (22%). Most contractures were mild (60%) or moderate (32%)
in severity. Statistically significant predictors of contracture development were length of
stay (P < .005) and extent of burn (P = .033) and graft (P < .005). Predictors of the se-
verity of contracture include graft size (P < .005), amputation (P = .034), and inhalation
injury (P = .036). More than one third of the patients with a major burn injury developed
a contracture at hospital discharge, which highlights the importance of therapeutic posi-
tioning and intensive therapy intervention during acute hospitalization. Furthermore, this
challenges the burn care community to find new and better ways of preventing contractures
after burn injury. (J Burn Care Res 2006;27:508-514)

Contractures from burn injury were first documented in
Ebers’ Papyrus in 1500 BC, describing the use of cop-
per splints to treat burns.! Contractures are defined as
an inability to perform full range of motion of a joint.>
They result from a combination of possible factors—
limb positioning, duration of immobilization and mus-
cle, soft tissue, and bony pathology. Individuals with
burn injuries are at risk for developing contractures. Pa-
tients with burns often are immobilized, both globally,
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as a result of critical illness in the severely burned, and
focally, as a result of the burn itself because of pain,
splinting, and positioning. Burns, by definition, damage
the skin and also may involve damage to the underlying
soft tissue, muscle, and bone. All of these factors con-
tribute to contracture formation in burn injury.

Contractures place patients at risk for additional
medical problems and functional deficits. Contrac-
tures interfere with skin and graft healing. Function-
ally, contractures of the lower extremities interfere
with transfers, seating, and ambulation. Contractures
of the upper extremities may affect activities of daily
living, such as grooming, dressing, eating, and bath-
ing, as well as fine motor tasks.**

As burn survival rates have increased significantly in
the past few decades,” attention is shifting to issues of
morbidity and function. Clinicians devote significant
time and energy to preventing and treating contrac-
tures. Investigators have examined contracture pre-
vention®” and treatment options, including splint-
ing,®197? serial casting,'*2°723 ultrasound,?* silicon
gel,2>2% jontophoresis,?” exercise,"*?® and surgical cor-
rection.>? 3%
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Despite serious clinical and academic interest in
burn contractures, little is known of the scope of the
problem. Dobbs and Curreri®® retrospectively re-
viewed 681 patients who received physical therapy for
burn injury and found that 28% developed contrac-
tures. The hand, elbow, and shoulder were the most
frequently affected joints. TBSA and burn depth were
associated with the development of contractures. A
retrospective review of burn contractures by Kraemer
found that 3.7% of burn patients underwent surgical
contracture release. The hand and axilla were the
most frequently affected joints, and wound size was
directly related to the number of contractures.** In
another retrospective chart review of 52 burn patients
with contractures, Richard found elbow flexion
(21%), ankle plantarflexion (19%), and shoulder ex-
tension/adduction (17%) contractures were most
common.'* In a published abstract, Kowalske et al*!
reported contractures in 42% of 1749 adult burn pa-
tients with American Burn Association criteria for
major burn injury at time of discharge. The shoulder,
elbow and hand were most commonly affected. In
addition, flame burns and larger burns had a higher
incidence of contracture.

There exists no published prospective study on the
incidence and severity of contractures in burn injury.
Therefore, the main purpose of this study was to de-
termine the incidence of contractures in burn patients
at discharge from the acute-care hospital and to de-
scribe the most frequently contracted joints. A sec-
ondary purpose was to determine predictors of the
presence, number and severity of contractures.

METHODS

Data were collected prospectively from 1993 to 2002
for consecutive burn patients admitted to a regional
burn center. Inclusion criteria are major burn injury
as defined by American Burn Association guidelines*?
and age older than or equal to 18 years. All study
subjects signed an informed consent to participate in
the study. Those with pre-existing physical disability
were excluded. The primary outcome measures in-
cluded the presence and severity of contracture and
number of contractures per patient (detailed herein).
Demographic (age, sex, and ethnicity) and medical
data were collected. Medical data included length of
hospital stay, length of intensive care unit stay, pres-
ence of concomitant medical problems (defined as
medical problems that might alter the course of re-
covery from the burn, eg, diabetes, chronic obstruc-
tive pulmonary disease, heart disease, asthma), burn
etiology, inhalation injury, neuropathy, heterotopic
ossification, amputation as the result of the burn in-
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jury, and TBSA burned and grafted (recorded as
whole number percentile and by quintile).

The joints of interest included the shoulder, elbow,
hip, and knee. At the time of discharge from the hos-
pital, the specified joints were examined bilaterally for
a total of eight studied joints per subject. The sub-
jects” active range of motion at each joint was mea-
sured using a goniometer and inclinometer with a
standardized technique.** Multiple planes of motion
(ie, flexion/extension) were investigated at each joint.
The specific methodology for range of motion measure-
ments at each joint is detailed in the Model System for
Burn Injury Rehabilitation National Database Data
Dictionary.** Joint muscle action in each plane is as-
signed a normal range of motion based on physical ex-
amination conventions.**** Each impaired joint muscle
action is assigned a severity rating. Such ratings are de-
termined by dividing the normal range of motion value
equally in thirds (mild, moderate, and severe; Table 1).

For the purposes of analysis, a limitation in the
range of motion in at least one plane of motion at a
specified joint was considered to be a contracture at
that joint. Furthermore, if more than one muscle ac-
tion was limited at a joint, the severity of the worst
muscle action at that joint was considered to repre-
sent the severity of contracture at that joint.

Analogous data were collected for the joints of the
hand, ankle, neck, trunk, as well as the presence of
eyelid and nasolabial contractures and microstomia.
These data will be discussed separately in a subse-
quent report.

Statistical Analysis

The frequency and severity of contractures at each
joint and number of contractures per patient at hos-
pital discharge were calculated. Logistic regression
analysis was used to determine predictors of the pres-
ence and severity of contractures and a negative bi-
nomial regression was used to determine predictors of
the number of contractures. Negative binomial re-
gression was used because the variance assumption
underlying Poisson regression was violated. The neg-
ative binomial regression model adjusts for the overd-
ispersion. The potential predictors were the demo-
graphic and medical data (as detailed previously).
Violations of statistical assumptions and goodness of
fit were analyzed.

RESULTS

During the study period, 1090 patients met inclusion
criteria. A pre-existing physical disability was docu-
mented in 105 patients, resulting in 985 study pa-
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Table 1. Range of motion severity ratings by joint muscle action
Contracture Severity
Joint Muscle Action Mild Moderate Severe
Shoulder Flexion 120-180 60-119 <60
Extension 32-50 16-31 <16
Abduction 120-180 60-119 <60
Adduction 32-50 16-31 <16
Elbow Flexion 93-140 46-92 <46
Extension —140-93 —46-92 >—46
Pronation 53-80 26-52 <26
Supination 53-80 26-52 <26
Hip Flexion 67-100 34-66 <34
Extension 20-30 10-19 <10
Abduction 2640 13-25 <13
Adduction 13-20 7-12 <7
Knee Flexion 100-150 50-99 <50
Extension —150-100 -99-50 >-50

Table 2. Demographic and medical characteristics of the

study population

Total number of study patients 985
Male, percent 78.1
Age at injury, mean (SD) years 42.5(17.1)
Ethnicity, percent
Caucasian 60.3
Black 20.4
Hispanic 16.6
Other 2.7
Length of stay, mean (SD) days 21.7 (22.9)
Inhalation injury, percent 12.5
Percent TBSA burned, mean (SD) 25.1(19.7)
Etiology, percent
Fire /flame 60.7
Electricity 8.8
Flash 8.1
Scald 6.5
Grease 5.5
Other 10.4

quency and severity at each joint was tabulated and is
presented in Table 4. The shoulder (38%) was the
most frequently contracted joint, followed by the el-
bow (34%), knee (22%), and hip (5%). Most contrac-
tures were mild (60%) or moderate (32%) in severity.

Among the study population, 381 patients (39%)
demonstrated at least one contracture at hospital dis-
charge. In total, 953 joints were contracted resulting
in an average of three contractures per person (among
those with at least one contracture). The mode is
two joint contractures per patient (frequency, 136).
These analyses apply only to those joints detailed in
this report (shoulder, elbow, hip, and knee). The fre-
quency of contractures is detailed in Table 5.

Statistically significant predictors of contracture de-
velopment are length of stay (p < .005), TBSA grafted
(P < .005), and TBSA burned (P = .033; Table 6).
Predictors of the severity of contracture include TBSA
grafted (P < .005), amputation (P = .034), and inha-
lation injury (P = .036; Table 7). The number of con-
tractures is associated with length of stay (P < .005),
TBSA grafted (P << .005), and TBSA burned (P = .004;
Table 8). There was no violations of statistical assump-
tions or goodness of fit for these analyses.

tients. The demographic and medical data of the
study population are presented in Table 2.

The frequency and severity of limitations by joint
muscle action is presented in Table 3.

Shoulder flexion (n = 336) and abduction (n =
329), knee flexion (n = 209), and elbow flexion (n =
206) were the most frequent contractures. Using the
methodology described previously, contracture fre-

DISCUSSION

Contractures are a common problem (39%) after a
major burn injury. A significant number of contrac-
tures occurred despite receiving treatment at a major
burn center that provides specialized occupational

and physical therapy services for all burn patients.
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Table 3. Severity and frequency of range of motion limitation by joint muscle action

Severity
Joint Muscle Action Mild Moderate Severe Total
Shoulder Flexion 196 126 14 336
Extension 16 6 1 23
Abduction 179 137 13 329
Adduction 4 0 0 4
Elbow Flexion 177 24 5 206
Extension 160 20 0 180
Pronation 43 8 13 64
Supination 88 33 26 147
Hip Flexion 28 0 34
Extension 4 10 20
Abduction 0 8
Adduction 2 2 2 6
Knee Flexion 125 77 7 209
Extension 25 0 0 25
Total (%) 1050 (66) 450 (28) 91 (6) 1591
Table 4. Contracture severity and frequency by joint
Contracture Severity
Joint Mild Moderate Severe Total (%)
Shoulder 197 147 21 365 (38)
Elbow 224 66 34 324 (34)
Hip 24 16 12 52 (5)
Knee 128 77 7 212 (22)
Total (%) 573 (60) 306 (32) 74 (8) 953

Table 5. Contracture frequency

Patients with at least one contracture 381 (N = 985)
Total number of contractures 953
Average number of contractures per person 3
Patients with one contracture 98
Patients with two contractures 136
Patients with three contractures 39
Patients with four contractures 92
Patients with more than four contractures 16

There are multiple reasons why burn survivors de-
velop contractures despite receiving specialized care
at a burn center. Regional burn centers act as referral
centers for the sickest and most severely injured burn
patients. With this in mind, our data suggest that the
patient’s general medical condition correlates with

one’s risk of developing contractures. Those patients
with longer length of stays, higher TBSA, and inha-
lation injury confer a greater risk of contracture de-
velopment. In addition, our data demonstrate that
those with amputations are at risk for developing
more severe contractures. This evidence is not sur-
prising given that amputees are at risk for developing
contractures independent of the presence of burn in-
jury.*® Also, burn injuries that cross a major joint
likely result in a greater risk of contracture develop-
ment at that joint. The timing of surgical interven-
tions and postoperative healing may result in a period
of mandatory immobilization that puts patients at risk
for contracture development. Additional contribut-
ing factors include patients who do not cooperate
with therapy and positioning interventions and those
who refuse therapy treatment altogether.

Given the frequency of contractures and having
considered the multiple factors contributing to con-
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Table 6. Logistic regression analysis of predictors of the presence of contractures

Variable Odds Ratio SE V4 P Value 95% Confidence Interval
Age 0.988 0.005 -2.37 .018 0.978-0.997
Sex 0.692 0.133 -1.92 .055 0.474-1.008
Length of stay 1.044 0.011 3.84 .000 1.021-1.067
Inhalation injury 0.581 0.148 —2.14 .033 0.353-0.956
Medical problem 1.344 0.221 1.80 .072 0.974-1.855
TBSA burn 1.031 0.015 2.13 .033 1.002-1.060
TBSA graft 1.070 0.012 6.05 .000 1.047-1.094

Table 7. Logistic regression analysis of predictors of the severity of contractures

Variable Odds Ratio SE Z P Value 95% Confidence Interval
Sex 0.603 0.160 -1.90 0.057 0.0359-1.015
Inhalation injury 1.893 0.577 2.10 0.036 1.042-3.440
Medical problem 1.429 0.292 1.74 0.081 0.957-2.134
Amputation 2.480 1.060 2.13 0.034 1.073-5.731
TBSA graft 1.046 0.010 4.80 0.000 1.027-1.066

Table 8. Negative binomial regression of predictors of the number of contractures

Variable Incidence Rate Ratio SE Z P Value 95% Confidence Interval
Gender 0.777 0.099 -1.99 0.047 0.606-0.996
Inhalation injury 0.732 0.116 -1.97 0.049 0.537-0.999
Medical problem 1.205 0.132 1.71 0.088 0.973-1.493
TBSA burn 1.027 0.010 2.84 0.004 1.008-1.046
TBSA graft 1.036 0.007 5.41 0.000 1.023-1.050
Age 0.991 0.003 —2.69 0.007 0.984-0.997
Length of stay 1.036 0.007 4.95 0.000 1.021-1.051

tracture development, this study underscores the im-
portance of positioning and intensive therapy inter-
vention in hospitalized burn patients. Furthermore,
this presents a challenge to the burn treatment team
to find new and better ways of preventing contrac-
tures.

Despite the frequency of contractures, very few
contractures were severe (8%). This rate may be
viewed as a success of therapy and positioning eftorts.
Also, one should consider that the subjects in this
study were only followed for the duration of their
acute hospitalization (mean length of stay, 22 days).
Therefore, the natural history of contracture devel-
opment beyond this time period is not addressed in
this study.

Most moderate severity contractures, which are de-
fined as a limitation in the range of motion in the
middle third of the range, are clinically significant.

For example, a contracture at the shoulder (the most
commonly affected joint) with a range of motion of
90° (in the middle of the moderate severity range) is
associated with significant functional limitations.
Such contractures limit overhead activities involved in
grooming, bathing, dressing and occupational tasks.
Although the severity ratings are logical and useful for
statistical analysis, clinical perspective is needed to
draw meaningful practical insights from the data. Of
note, this study does not examine measures of quality
of life or functional outcome, which is a limitation of
this study. Future research may examine the affect of
contracture severity on quality of life and function.
Armed with data from this report, clinicians can
identify burn survivors at risk for developing contrac-
tures. Those with extended hospital stays and large
burns are at risk for developing contractures. Addi-
tionally, the extent of burn injury, amputation and
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inhalation injury are predictors of contracture sever-
ity. An ability to identify early those at highest risk for
contracture development will enable clinicians to fo-
cus preventative efforts on those most in need. In
such patients, vigilant positioning and aggressive
therapy is warranted. In addition, future experimental
interventions aimed at preventing contractures
should target this high risk subpopulation.

Contractures have a disproportionate affect on the
upper extremities, with the shoulder and elbow com-
prising the vast majority of contractures (72%). This
evidence has implications for how we think about the
impact of contractures on patients’ function. Activi-
ties of daily living, instrumental activities of daily liv-
ing, and occupational tasks are more affected with
upper-extremity impairments, thereby reinforcing
the need for outpatient therapy after burn injury. Fu-
ture studies may investigate the efficacy of outpatient
physical and occupational therapy in treating upper-
extremity contractures. Investigators also may exam-
ine the correlation between contractures and return
to work outcomes. In contrast, less frequent lower
extremity contractures translates into fewer mobility
issues after hospitalization. A knowledge of affected
joint frequency helps in planning resource allocation
for the treatment of hospitalized burn patients and
forecasting outpatient needs of burn survivors as it
applies to contracture management. Likewise, such
information is useful to insurance companies, en-
abling them to better plan for costs related to future
therapy and surgical care related to contracture man-
agement.

A careful understanding of the methodology en-
ables one to extract the most meaning out of the data.
This study treats limitations in multiple planes of mo-
tion at one joint as one contracture at that joint (Ta-
bles 3 and 4). This method of calculation was chosen
to present the data in a clinically relevant manner.
One should keep in mind that this methodology ef-
fectively compresses the data by potentially represent-
ing limitations in multiple planes of motion at one
joint as one contracture. Additionally, a joint with
limitations in multiple planes motion was assigned a
contracture severity of the most severe limitation.
Again, this method was chosen as the most useful
clinical representation of the data. For example, if a
shoulder exhibits mild limitations in flexion, exten-
sion and adduction but a severe limitation in abduc-
tion, the joint is assigned a severe contracture rat-
ing and likewise is considered clinically severe by
the authors.

Tables 6 and 7 summarize results of logistic regres-
sion analyses, whereas Table 8 presents results of a
negative binomial regression. The main column of
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interest for Tables 6 and 7 is headed “odds ratio.” An
odds ratio of 1 is a null value, meaning that the pre-
dictor has no effect on the outcome of interest. An
odds ratio greater or less than 1 is associated with an
increase or decrease, respectively, in the odds of the
outcome of interest. To compare odds ratios greater
than 1 to odds ratios less than 1, we need to compare
one value with its multiplicative inverse; thus, an odds
ratio of 0.5 is the same size effect as an odds ratio of 2.
For example, in Table 6 the odds ratio associated with
having an inhalation injury is 0.58, meaning that the
odds of having a contracture decrease by 42% (= 1 —
0.58) for those who have an inhalation injury com-
pared with those who don’t have an inhalation injury.
As another example, the odds ratio associated with
having a medical problem is 1.344, meaning that the
odds of having a contracture are 34% higher for those
with a medical problem than for those without a med-
ical problem. The incidence rate ratio in Table 8 is
interpreted in a similar manner; however, because this
regression has number of contractures as the output,
the ratio applies to the chances of developing an ad-
ditional contracture. For example, the coefficient for
“medical problem” is 1.2, meaning that the presence
of'a medical problem increases the rate of contracture
by 20% compared to someone who does not have a
medical problem.

CONCLUSION

Despite being at a major burn center with integrated
therapy services, more than one third of patients with
a major burn injury exhibited a contracture at hospital
discharge. Those with more extensive burns, ampu-
tations and inhalation injuries are more likely to de-
velop severe contractures. The frequency and severity
of contractures highlights the need and importance of
physical and occupational therapy services during the
acute hospitalization and in the outpatient clinic. In-
formed with a more detailed understanding of con-
tracture development, clinicians are better able to
identify those at highest risk for contracture develop-
ment and managers are better able to provide appro-
priate therapy staffing for burn centers and outpatient
clinics. Furthermore, this challenges the burn care
community to find new and better ways of preventing
contractures after burn injury.
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